Objectives: To investigate whether there was an increased morbidity from cardiovascular diseases (CVD) among welders and other workers at a stainless steel welding factory, and, if so, to see whether morbidity could be linked to specific exposure factors. Methods: All the men who had worked at the plant for more than one year since 1960, and who were under the age of 70 years at the time of the study, were included in the study group. The control group was randomly selected from the male population of the same town, and was categorically matched for age. A self administered questionnaire was used to collect information on the occurrence of CVD and related symptoms, background variables, and exposure factors. The validity of the outcome variables for a subgroup of the participants was checked with their appointed general practitioners. This validation revealed a low sensitivity and a high specificity for the outcome variables "chest pain on exercise" and "angina pectoris", while for "myocardial infarction" both the sensitivity and the specificity of the answers given were high. Results: There were 236 men from the study group and 989 men from the control group who fulfilled the inclusion criteria, and who answered the questionnaires. The bivariate analysis showed that the study group had an increased age and smoking adjusted prevalence of "chest pain on exercise" and "angina pectoris" with ratios 2.3 (95% CI 1.5-4.9) and 2.6 (95% 1.2-5.7) respectively. When using multiple logistic regression analysis with control for potential confounding factors, the odds ratios for the study group as compared to the control group, were 2.6 (95% CI 1.3-5.3) for "chest pain on exercise", 2.5 (95% CI 1.1-5.8) for "angina pectoris", and 2.4 (95% CI 1.1-4.9) for myocardial infarction. The only explanatory variable which showed statistically significant increased odds ratios for all three outcome variables was work with grinding, with 2.4 (95% CI 1.0-5.5), 3.3 (1.3-8.5), and 2.5 (1.1-5.9) respectively. Conclusion: In accord with some other studies, the results of the study support a hypothesis that there may be a relation between exposure factors to which stainless steel metal workers are exposed and an increased risk of ischemic heart disease.
INTRODUCTION
Even though cardiovascular diseases (CVD) are the most common cause of death in most western societies, relatively little is known about chemical occupational exposure factors that can cause such diseases. So far, the main focus has been on exposure to carbon disulphide as a cause of ischemic heart disease (IHD), carbon monoxide as an acute inducer of ischemic attacks, and halogenated hydrocarbons leading to acute dysrythmias of the heart (1,2). Among the nonchemical factors, stress is probably the factor which is most strongly recognized as having a relation to the occurrence of CVD (3) . Other non-chemical factors which are known to have, or are suspected of having, impact on the risk of CVD are shift work, noise, physical inactivity, heat, and cold (2,4).
There have been two previous reports connecting mortality from IHD with metal work. In 3,500 shipyard workers from north-east England there was an increased mortality from IHD among the welders, with a standardized mortality ratio (SMR) of 130 (95% CI 104-162). Other groups of workers did not show a similar increase (5) . An other investigation of 9,404 workers from 13 metal factories in France also found that welders had an increased mortality of IHD with SMR 151 (95% CI 100-218). SMR was more increased in stainless steel welders, and also showed a positive association with the length of employment as a welder (6) . In addition, a recently published registry study from Denmark and Sweden has shown an increased mortality from IHD in metal workers in general (7) . As to the possible pathophysiological mechanisms for a connection between welding fumes and dust and IHD, an interesting hypothesis has emerged during the last years. The hypothesis raises the question whether a local inflammation in the bronchial mucosa induced by inhalation of respiratory irritants may stimulate the production of fibrinogen and thus lead to IHD (8) .
The present study was initiated by the occupational health service of a welding factory predominantly producing different equipment for industry and agriculture from stainless steel. There they had had the impression for some time that there could be an increased incidence of CVD in the employees.
The goal of the present study was to investigate whether there was an increased morbidity from CVD in welders and other workers at the plant, and, if so, to see whether it could be linked to specific exposure factors.
SUBJECTS AND METHODS
The company has been operating as a welding plant since 1920. Complete personnel registers were available from 1960. All the men who had worked at the plant for more than one year since 1960, and who were under the age of 70 years at the time of the study in 1993 were included in the study group. There were 365 men in the personnel register who fulfilled the inclusion criteria for the study group. Among them, 23 were deceased, two had moved abroad, and twelve could not be traced. Thus, 328 men were eligible for the study group.
In order to get a control group of sufficient size of men who were not working in the same kind of industry, we chose to use men from the general population as a control group. They were randomly chosen from the census register of the town where the plant was located, and categorically matched for age. According to these criterias 1,600 men were chosen for the control group. Of these, two were deceased since the last update of the register, six already belonged to the study group, four were mentally disturbed, 10 had moved abroad, and 17 could not be traced. That left us with 1,561 men eligible for the control group. There were 1,159 men (74%) who responded by answering a questionnaire. Two further restrictions, which were based on the answers to the questionnaire, was that they should not be metal workers, and that they should have been occupationally active for at least five years since 1960. Due to this restriction 170 of the responders were excluded from the control group, leaving 989 men for analysis.
Data on occupational exposure factors, the occurrence of CVD and related symptoms and lung diseases and symptoms, as well as life style factors and other potential confounding factors, were collected from both groups by means of a mailed self-administered questionnaire. The inquiry about occuaptional exposure factors included questions about metal work and shift work, and about exposures to noise, heat, stress, vibration, and fluorocarbons. One reminder was sent to non-responders.
In addition to the answers to the questionnaire, information on exposure factors at the plant was gathered by an experienced occupational hygienist (OR). The number of production workers at the plant had varied from about 170 around 1970 to about 50 at the time of the study. Their main tasks had been stainless steel welding and grinding. There were special grinders up to about 1985, while today almost all production workers do both tasks. The main welding methods were tungsten inert gas welding (TIG), metal inactive/ active gas welding (MIG/MAG), and manual metal arc welding (MMA). While the amount of MMA welding had decreased, the proportions of the welding methods used at the time of the study were 60% TIG, 10% MIG/MAG, and 30% MMA. Dust measurements in connection with welding which were performed by the local labour inspection (10 samples) in 1976 showed a mean concentration of total dust of 4.1 mg/m 3 , and of total chromium and nickel of 0.1 and 0.04 mg/m 3 respectively. No such measurements were available for the grinding operations. The use of personal protective equipment in connection with welding and grinding was deficient until recent years. There has also been some work at the plant entailing insulation with polyurethane foam, and the installation of refrigerators for the stainless steel tanks which entailed a possible exposure to fluorocarbons.
Based on the answers from the respondents about their working tasks, the study group was divided into 46 workers with probably no exposure to dust or gases from welding and grinding, 40 workers with probably indirect exposures only, and 150 workers who had been working directly with welding or grinding.
In order to assure the quality of the questionnaire data regarding CVD morbidity, we obtained permission from each participant to check their health information with their appointed general practitioners. This was checked for two subgroups of 85 men from the study group and 203 men from the control group.
All data were computed by means of the program Data Ease and analyzed by means of the Statistical Programme for Social Sciences (SPSS/PC+) and EpiInfo. In the bivariate analyses the prevalences of CVD and respiratory diseases/symptoms were adjusted for age and smoking habits by a standard direct method. Statistical significance of the prevalence ratios was calculated by the Mantel-Haenzel method. For all tests differences were considered as statistically significant on a 5% level (p<0.05).
Multivariate logistic regression analyses were carried out for selected outcome variables in relation to exposure groups and specific exposure factors. Potential confounding factors that showed differences between the groups which we considered could influence the results, were included in the models.
The study was approved by the Regional ethical committee for medical research.
RESULTS
Among the 328 men eligible for the study group, 236 (72%) responded to the questionnaire. Among the 1,561 eligible for the control group, 1,159 (74%) answered. With the further restriction the control group consisted of 989 men eligible for analysis. The average length of employment for the members of the study group at the plant was twelve years. Table 1 shows background characteristics of the two groups in terms of age, smoking habits, length of education, and other potential confounding factors. The use of milk refers to the intake of whole milk, while the use of coffee refers to the use of boiled coffee which has been connected with increased risk of IHD (9) . The use of butter also includes margarine based on animal fat, and the use of extra salt refers to those who usually put extra salt on their food. There were differences between the two groups regarding smoking habits, occurrence of CVD among first degree relatives under the age of 50 years, and length of education.
Age and smoking adjusted prevalences of CVD and related symptoms are presented in table 2. The phrasing of the questions regarding symptoms was: "Do you get chest pain on exercise?" and if so "how often?" (with fixed options), and "How do you consider your heart function at present?". The questions regarding diseases asked if they had or had had the diseases inquired about. We used a colloquial expression for angina pectoris. The prevalences of chest pain during excercise and angina pectoris showed statistically significant differences between the groups. There was also a statistically significant greater proportion of men in the control group who considered their heart function to be "very good". Table 3 shows the prevalences of chronic bronchitis, defined as cough with phlegm for at least three months during two ensuing years, and respiratory symptoms in the two groups adjusted for age and smoking habits. The phrasing of the questions was based on the MRC questionnaire (10) . Light dyspnoe was defined as more dyspnoe than men of the same age when walking up a hill or two stairs, while severe dyspnoe was defined as dyspnoe when walking on plain ground or at rest. All prevalence ratios were slightly increased, but on a 5% level there were no statistically significant differences between the study group and the control group. When comparing the answers in the questionnaires regarding CVD with the prevalence of similar diseases registered with their appointed general practitioners of 85 randomly selected men from the study group and 203 from the control group, angina pectoris (as stated in a colloquial way by the participants) showed a sensitivity of 22% and 29%, and a specificity of 100% and 80% respectively. For the question about myocardial infarction the sensitivities were 100% and 90% respectively, and the specificity 90% in both groups. Outcome variables consistent with IHD were chosen for further analyses by multiple logistic regression. The main independent variables in these analyses were the study group versus the control group, and length of employment at the plant (table 4), exposure subgroups (table 5) , and specific exposures (table 6). In addition to the main independent variables, age, amount of current smoking, length of education, and first degree relatives with CVD under the age of 50 years were included as independent variables in the models. All odds ratios in the tables 4-6 are thus adjusted for these potential confounding factors. Table 4 shows odds ratios derived by the logistic regression analysis for the study group versus the control group, and for 10 years of employment at the plant. For all three outcome variables the study group had statistically significant increased odds ratios when compared to the control group. For chest pain on exercise and myocardial infarction there was also a positive relation with length of employment at the plant.
When men from the study group who were considered as indirectly exposed and those who were considered as directly exposed with regard to welding and grinding were compared with the control group, both groups had increased odds ratios with the highest values among the indirectly exposed for angina pectoris and myocardial infarction (table 5). For the directly exposed there was a statistically significant relation between length of employment and chest pain on exercise with an odds ratio for 10 years of 1.3 (95% CI 1.1-1.6). Table 6 presents odds ratios for specific work related exposures/activities as stated in the questionnaires. Any welding reported, and stainless steel welding, did not show statistically significant increased odds ratios for any of the outcome variables. The only reported activity that shows statistically significant increased odds ratios for all three outcome variables was work with grinding. The duration of grinding work was also statistically significantly related to chest pain on exercise with an odds ratio for 10 years of grinding of 2.4 (95% CI 1.0-5.5) and to myocardial infarction with an odds ratio for the same amount of time of 1.6 (95% CI 1.1-2.3).
When tested with the same logistic regression model as we used in table 4-6, other independent variables which were inquired about in the questionnaire reflecting exposure to noise, heat stress, vibration, fluorocarbons, and shift work did not show statistically significant relations with any of the three selected outcome variables.
DISCUSSION
This study observed an increased risk of IHD in stainless steel metal workers even when potential confounding factors were controlled for. It was also found that the increased risk for some of the outcome variables was related to the length of employment at the plant. There was no evidence of an increased risk of other CVD than IHD.
The study is a historical cohort study including men who since 1960 had been working for at least one year at the plant, and who, at the time of the study were under 70 years of age. The outcome was measured as a cross-section in 1993. However, as we inquired about previous myocardial infarctions, and since other CVD also have certain chronic features, we find it right also to view the outcome variables in a semi-longitudinal perspective.
If there has been an increased risk of CVD in the study group which was recruited from 1960 on, this should also have been reflected in mortality/survival up to the time of the study. If so, selection bias which can have arised from such a difference has probably to a small extent weakened the contrast between the study group and the control group.
As the study compares blue collar workers with the general population, there might also be a selection of healthy workers into the study group. We minimalize this error by the exclusion of men who had not been occupationally active from the control group which was recruited from the general population. However, if there still is such a selection bias, this will also have underestimated the true relative risk. On the other hand, there were indicators from the educational status in the two groups that the control group had a different social composition than the study group, which in case will have had an opposite effect on the relative risks observed. Therefore, length of education was controlled for in the logistic regression analyses.
When both independent and dependent variables are measured by means of a questionnaire, as in the present study, some misclassification of the variables is unavoidable. From the comparision of the answers with information from the general practitioners we have, however, reason to believe that the misclassification, at least regarding the outcome variables, was non-differential. In that case the misclassification has probably also led to a bias of the observed relative risks towards one.
As work with welding entails exposure to smoke and gases that are known respiratory irritants, it might be that the cardiac symptoms stated in reality were expressions of respiratory disturbances. When inquiring about respiratory symptoms in the questionnaire we found only very weak indications of an increased prevalence of respiratory symptoms in the study group (table 3) . Therefore we do not think that respiratory disturbances are the explanation of the observed differences in IHD.
With the limited number of participants and the expected low prevalence of CVD, the study had a low statistical power. This is probably the main reason for the wide confidence intervals observed. The low statistical power does not speak against the significant differences that were found, but it might be that other comparisons which showed increased prevalences, but of non-statistical significance, might have shown statistical significance if the study group had been larger. Table 4 . Odds ratios and 95% confidence intervals as determined by multiple logistic regression for outcome variables consistent with IHD for the study group versus the control group, and for 10 years of employment at the plant. Age, amount of current smoking, length of education, and first degree relatives with CVD under the age of 50 were included in the regression models as potential confounding factors. Table 5 . Odds ratios and 95% confindence intervals as determined by multiple logistic regression for outcome variables consistent with IHD for directly and indirectly exposed members of the study group as compared with the unexposed. Age, amount of current smoking, length of education, and first degree relatives with CVD under the age of 50 were included in the regression models as potential confounding factors.
Outcome variables Exposure groups
Chest pain on exercise Angina pectoris Myocardial infarction Indirectly exposed 2.3 (0.6-8.9) 3.0 (0.6-13.9) 3.6 (1.1-11.5) Directly exposed 2.4 (1.0-5.6) 2.1 (0.7-6.1) 2.4 (1.0-5.9) The study was able to show differences between the groups, and a relationship with length of employment, but when comparing the exposure categories the study did not show an exposure-response relationship. This weakens the possible evidence for a causal relationship between exposure factors at the plant and the occurrence of IHD. One explantion for these negative results might be that all workers were exposed, but that those not working directly with welding and grinding were less prone to use personal and other protective equipement. The results might also be a reflection of the circumstance that a crude exposure assessment in an epidemiological study always will be encumbered with uncertainty.
In the analysis of specific work activities, work with grinding was the only explanatory variable that showed statistically significant increased odds ratios for all three outcome variables consistent with IHD. Work with welding did not show statistically significant increased odds ratios for any of the outcome variables. As welding was our primary concern when starting the study, this was a surprising result. In one other Norwegian study it has, however, been shown that exposure to metals like iron, nickel and total chromium was greater in stainless steel grinders than in welders (11) . The increased risk in grinders is also interesting in view of the hypothesis that inhalation of very fine particles may influence the blood coagulability (8) .
So far, the knowledge about a possible relation between metal work and the risk of CVD has been limited. To some extent our results are in accord with the mortality data found among British shipyard welders (5), and among French welders (6) . The recent register study of mortality from IHD from Sweden and Denmark (7) may also support a hypothesis that there is a relation between certain factors to which metal workers are exposed and IHD. More research, both epidemiological and experimental, is needed in order to further elucidate that possibility.
CONCLUSION
The results of the present study support a hypothesis that there might be a relation between exposure factors to which stainless steel metal workers are exposed and the risk of IHD.
